Introduction

Rotavirus
Rotavirus (Figure 1 ) is a double stranded RNA virus belonging to the family of Reoviridae. Rotavirus kills half a million children each year worldwide including approximately 230,000 children in sub-Saharan Africa [1] - [3] . In Zambia, children under 5 years of age experience 10 million annual episodes of diarrhoea, which result in an estimated 63,000 hospitalizations and 15,000 deaths [4] . This makes diarrhoea Zambia's third leading cause of under-5 mortality (after pneumonia and malaria). One-quarter to one-third of the severe diarrhoea resulting in hospitalization and death are attributable to vaccine-preventable rotavirus [5] [6] . These statistics are recorded in spite of the infection being vaccine preventable with two already licensed vaccines.
Why Accelerate New Vaccine Introductions?
Immunisation is one of the safest and most cost-effective ways to reduce disease and prevent death [6] - [10] . Historically, vaccination has proved to be a highly effective approach to controlling infectious diseases and many believe that it will not be possible to move from control to disease elimination without the use of vaccines [7] [8] . Following the success of the smallpox eradication campaigns in the 1980's, efforts to combat other major diseases including diphtheria, pertussis, tetanus, polio, hepatitis, haemophilus influenza and measles have transpired over the past 20 years. These vaccines are estimated to save 3 million lives each year and prevent long-term illness and disability [7] . However, it is a well-known fact, and unfortunately widely accepted, that new life saving vaccines can take 15 -20 years to reach those who need them in developing countries [11] . The world is far from achieving vaccine equity-ready access to vaccines by all who need them-and according to the Global Alliance on Vaccine Initiative (Gavi) over 19 million of the world's poorest children still do not receive basic life-saving vaccines [12] .
The PAED Programme
The Programme for Awareness and Elimination of Diarrhoea (PAED), is a collaborative effort that was initiated by the Centre for Infectious Disease Research in Zambia (CIDRZ) and Absolute Return for Kids (ARK), work- ing in partnership with the Zambian Ministry of Health (MoH) and the Ministry of Community Development, Mother and Child Health, as well as with other key stakeholders to jump-start and build momentum for control of diarrhoea as a critically neglected disease. The programme has two overarching goals: 1. To reduce under-5 mortality in the Lusaka Province through the introduction of a comprehensive diarrhoea control programme that includes rotavirus vaccination through the national immunisation programme, improved clinical care, and community action; and 2. To accelerate the country-wide introduction of rotavirus vaccination and other high-priority childhood vaccines in Zambia through strategic investments in cold chain, commodities management, policy and protocol development, planning, and advocacy. This paper describes the experiences, opportunities and lessons learned in the process of incorporation and introduction of the rotavirus vaccine into the Zambia EPI.
Methodology
Establishing Critical Partnerships
Integrating PAED into the MoH was of utmost importance. Thus a detailed implementation plan was initially reviewed and approved by the Permanent Secretary in the Ministry of Health.
With that, PAED's work became a part of the regular agenda within the MoH Child Health Unit (CHU) and specific National Technical Working Groups (TWG).
The PAED Strategy
PAED adopted the United Nations Children's Fund (UNICEF)/World Health Organisation (WHO) seven-point recommended strategy for fighting diarrhoea [13] . With guidance from the MoH, PAED focused on implementing some of the recommended strategies for which there was a realistic possibility to have impact while advocating for the others (i.e. Vitamin A supplementation which is already successful, improved drinking water supply and community-wide sanitation for which PAED had no capacity to impact). As shown in Table 1 , PAED focused on introduction of therotavirus and other childhood vaccines; appropriate treatment of diarrhoea with low-osmolarity Oral Rehydration Salts (ORS) and zinc, hand washing with soap, and promotion of exclusive breast feeding. Based on existing literature and an assessment of feasibility, specific assumptions were taken as to what can be achieved through the PAED Interventions.
To address impact the Bill and Melinda Gates Foundation funded evaluation and cost effectiveness assessment through a stand-alone project-A Comprehensive Assessment of Diarrhoea and Enteric Disease Management in Children (ACADEMIC).
The Setup
PAED rapidly evolved into a complex network of activities with multiple partners as summarised in Figure 2 . Generally, WHO and UNICEF country offices provide supply and cold chain, logistics management and other vaccine related technical support. Other international development agencies that are traditional stakeholders include the Japanese International Cooperation Agency (JICA) and the Canadian International Development Agency (CIDA). 
Gavi-The Vaccine Alliance Requirements for National Support
Cardinal Gavi requirements that needed to be satisfied in order to access support for new vaccines include: 1. Having a functional Interagency Coordination Committee (ICC) focused on immunisation (or an equivalent collaborative mechanism) for local coordination and accountability; 2. A recent Effective Vaccine Management (EVM) assessment report together with an improvement; and 3. A detailed, comprehensive multi-year plan for immunisation, including plans for sustaining immunisation activities after Gavi support is terminated.
The ICC was already function in gat PAED's inception. For the second condition, PAED partnered with MoH, UNICEF and WHO to fund EVM assessment and report. The EVM assessed the status of the country's vaccine management, scoringon nine categories: vaccine arrival; temperature; storage capacity; buildings, equipment and transport; maintenance; stock management; distribution; vaccine management; and management information systems and supportive functions. Findings of the assessment fed into a national improvement plan. Key areas highlighted for improvement were:
• Increased cold chain capacity;
• Improved temperature monitoring with the use of continuous temperature recorders;
• Better stock management to avoid stock outs;
• Development and use of a vaccine distribution management plan; and • Additional training and supportive supervision to improve vaccine management.
Resource Mobilization
Absolute Return for Kids-ARK provided the initial seed funding for PAED activities with a grant of $2.8 mil-lion. The ARK funding also offered an additional $2.8 million on condition that the project leverages other funding for PAED, which would be matched dollar for dollar, up to that maximum. Figure 3 depicts the PAED progress with resource mobilization.
Beginning with a complete buy-in and ownership of the project, the Ministry of health committed to $225,000 to refurbish and upgrade cold chain central infrastructure. The PAED evaluation project earlier described as ACADEMIC attracted a $3.8 million grant from the Bill and Melinda Gates Foundation. With this, the ARK match condition was at that point satisfied and thus unlocked the $2.8 million offer. The project further lobbied to the GlaxoSmithKline (GSK) as manufacturer of Rotarix™, which was the vaccine of choice. While PAED had budgeted for purchasing sufficient vaccines for the entire provincial birth cohort for two years, GSK's free donation of over 304,000 vaccine doses freed up $1.3 m budgeted for vaccine procurement. Taking advantage of the vaccine introduction into the routine imminization schedule, the PAED Director was awarded an R01 grant by the United States National Institutes of Health (NiH) to study potential factors that may contribute to lowered vaccine efficacy in Zambia as reported in other developing country settings; this is a five year grant of $670,000. Further, Comic Relief, a UK based charity became interested the project and provided support for developing a comprehensive behaviour change component targeting hand washing with soap, exclusive breastfeeding and promotion of oral rehydration salts and zinc for treating diarrhoea. This later effort resulted in a supplementary grant of $1.6 m. Lastly, realizing the critical importance of water and sanitation, UNICEF awarded PAED a grant of $770,000 to specifically support coordination of community led total sanitation and schools WASH project in two of the rural districts where the programme operates. In essence, what began as a modest $2.8 m project has, over a space of three years, grown into a multi-million-dollar endaevour with definite long-term plans.
International Advocacy and Leveraging
Preparations for the PAED project coincided with the global push towards making vaccines more available. In January 2010, Bill and Melinda Gates announced that their foundation would commit US$10 billion over the next 10 years to aid research in vaccines, and to develop and deliver vaccines for the world's poorest countries. As the timelines to the Millennium Development Goals target drew nearer, in 2011, Gavi also committed US$4.3 bn to scale up immunisation programmes. Other global pushes included the UK Aid Match launched in June 2011, which was a demand-led fund through which the United Kingdom Department for International Development (DfID) would match public donations to appeals for development activities focused on poverty reduction in developing countries. PAED took advantage of this opportunity and committed £1 million for DfID to match and earmarked it for Gavi once Zambia was supported for national introduction of rotavirus immunization.
During 2012, GSK also officially announced price reductions on Rotarix™ for Gavi-eligible countries from the anticipated $16 per child immunized to only $5 (or $2.5 per dose). For PAED, this over 67% reduction in price meant that at least two more children (over and above each budgeted child) could then be vaccinated with the allocated funds for rotavirus vaccine in the budget.
Addressing Cold Chain Capacity
Based on World Health Organisation's recommended Effective Vaccine Management (EVM) improvement plan and prior feedback from Gavi, the country embarked on addressing current gaps in cold chain infrastructure at each level (National, Provincial, District and Health Facility). The ICC, the MoH and partners had the task address gaps in the cold chain in order to meet Gavi requirements. Figure 4 shows the projected impact of additional cold storage space required with the introduction of new vaccines and population growth.
A national cold chain scale-up strategy was developed based on the identified gaps to assist in thmoblisation of funds and to create transparency of the national cold chain needs and were quantified in monetary terms. Table 2 shows the state of acomplishment as of October 2013. Following regular progress updates to the Gavi, a decision was reached by June 2012 to award Zambia an unconditional approval for a grant to support new vaccines introduction nationally starting with the pneumococcal, second dose measles and rotavirus vaccines. The real achievement here is that at the National level, Zambia expanded its cold storage capacity for vaccines from 144 to 212,000 litres sufficient to carter to national needs for the coming decade.
Opportunity for the PAED Pilot Demonstration in Lusaka Province
While the Zambian government was enthusiastic to see new vaccines, including the rotavirus antigen introduced into the country, national introduction of three new vaccines in a developing world setting was unprecedented. The Gavi approved plan was to introduce the vaccines starting with pneumococcal and second dose measles vaccines in 2012 and 2013 and then rotavirus vaccine later, likely around 2015. While this was encouraging, it was ever important to note that as many as 30,000 children may die from diarrhoea-related causes in the interim (i.e., between 2012 and 2014) before the rotavirus vaccine would be introduced with the existing levels of care continued [4] . Thus PAED pilot was highly appealing-introduce rotavirus vaccine in the most populated province as a demonstration project ahead of the scheduled national introduction. The PAED project was therefore set to help develop the necessary tools and introductory mechanisms, generate experience with the vaccine, assess cost and vaccine effectiveness and impact in one province-paving the way for national rollout. Thus, on 20 th January 2012, the 
Which Rotavirus Vaccine?
Two orally administered, live, attenuated rotavirus vaccines are currently licensed and available on the market, both of which are WHO pre-qualified for use in developing countries. The monovalent rotavirus vaccine (Rotarix™ manufactured by Glaxo Smith Kline Biologicals) contains the RIX4414 rotavirus strain developed from attenuation of a human strain (G1P [8] ) [13] [14] . This vaccine requires two doses to complete the schedule and these have been evaluated in a variety of schedule options to confirm that it can correspond to the timing of giving the first and second doses of oral polio vaccine (OPV) and diphtheria-tetanus-pertussis (DTP)-containing vaccines [15] . The second vaccine is the pentavalent rotavirus vaccine (RotaTeq™ manufactured by Merck and Co.) and is derived from the re-assortment of human rotavirus strains with bovine strains. The five re-assortant rotaviruses express one of the outer capsid proteins (G1, G2, G3, G4, or P1A [8] ) from human rotavirus strains [16] . This vaccine requires three doses to complete the schedule and can also be co-administered with OPV and DPT vaccines [17] .
To make a decision on which vaccine to introduce in Zambia, the ICC constituted a task force that reviewed literature, considered available data on sero-epidemiology of rotavirus in Zambia [5] [18] [19] , efficacy from African clinical trials [20] [21] , and cold chain and other logistical requirements. findings upon which a decision was made to choose the rotavirus vaccine. Given a similar efficacy range, cold chain requirements were more heavily weighted in favour of Rotarix™, which requires a third of storage space when compared to RotaTeq™ [22] .
Challenges and Lessons Learned
Integration and Sustainability-Expansion of the national immunisation system requires ownership by government and involvement of all stakeholders. The PAED programme took a year in ensuring that it is appropriately owned and authorised by the Ministry of Health and ensure all traditional partners in child immunisation have buy-in into the programme. This came at a cost in terms of both funding for programme staff and time, but the reward as was smooth national up take. By the close of the year 2013-barely 23 months after the official launch, the programme was well established within the routine public system. Materials and experience to roll-out the vaccine nationally were securely in place by the time 94,500 infants in the pilot province were fully immunised in November 2013.
A critical strength of this programme was its sustainable exit plan; since inceptiona government taken up national roll out was foreseen. A comparable programme in the region is the Human Papiloma Virus (HPV) vaccine pilot introduction in Uganda [23] , which was successful, yet tainted with doubts on its national rollout and scalability [24] . The success of PAED seems to be anchored on the fact that sustainable exits plan part of the original programme objectives.
Accurate Documentation for Effectiveness Assessment-There is great need to accurately document what is required and how much it costs to introduce new vaccines in developing countries.
In order to accurately assess the impact and effectiveness of any programme, it is required that correct measurements are taken for the baseline situation of the problem, as well as how the interventions are implemented and progressive assessments over time.
In this case, the baseline evaluation required an accurate account of the diarrhoea problem. Many diarrhoeal cases and deaths may be occurring within the community and these are not captured in the Health Management Information Systems (HMIS) data. Many developing countries including Zambia depend on HMIS data that completely misses events within the community. These data, if used for vaccine impact assessment, would result in incorrect vaccine impact assessment. In order to get an accurate understanding of the disease burden, and eventual vaccine impact, PAED sought separate funding for the impact evaluation project called "ACADEMIC" which was supported to undertake comprehensive community surveys in order to objectively ascertain the impact of PAED.
Time Pressure Versus Doing It Right-Donor funded programmes tend to have strict time limitations for delivery of results, however, complex projects demand some flexibility.
The initial funding agreement of PAED was for a total period of three years. However, it took over 6 months to clarify PAED implementation plan with the MoH and to have the Permanent Secretary agree and sign off on the plan. It also took several months to hire, settle in the key staff and establish working relations and links within the governmental and non-governmental child health system and partners. Thus, although the funding Memorandum of Understanding was signed in November 2010, the official launch and rollout of PAED was on 19 th January 2012. While this lag time caused much strain on the project, it turned out to be invaluable as it allowed the programme to be established firmly and accepted by all key stakeholders. The lesson here is that planning must include time for understanding the environment in which the programme will operate.
New Vaccines Versus the Stretch on Health Systems-Concurrent vaccine introduction requires enhancement of health systems including pharmacovigilence systems to document adverse events following immunization.
Zambia introduced 3 new vaccines into the national immunisation system between 2012-2013, as well as initiated the HPV vaccine pilot in Lusaka province. It is foreseeable that several more new vaccines that have the potential to save lives, such as the malaria vaccine, are in the research pipeline and will become available over the next decade in many countries within Africa. Although this is desirable, it demands appropriate attention to be given to the health system in order to be able to stretch the capability to deliver these vaccines effectively [25] [26]. Pharmac ovigilance systems also need to be enhanced in order to ensure adequate documentation of any adverse events following immunisations.
Community Engagement-One approach Does not fit all districts for countries like Zambia with diversity in social, cultural and ethnicity.
As PAED rolled-out to new districts, it became evident that specific approaches were needed to engage with the community. While engagement through established neighbourhood health committees remained consistent, it became obvious that each district required specific community engagement strategies. Thus, PAED expanded to include churches and community gatherings, government Community Development Assistants, village chiefs and traditional leadership structures in the repertoire of outreach activities. These community groups and individuals allow PAED's reach to go beyond its initial plans, and speak to the pliable nature of the programme.
Human Resources for Health-Expansion in services require expansion in service providers. Although health care improvements must come with commensurate increases in the quality and quantity of health care providers, programmes do not usually address the human resource component. Adding new vaccines does not just require more cold chain space; it requires more training and adds to the activities that the already stretched health care providers have to carry.
In the PAED experience, it became apparent that there was a need for additional human resource capacity and technical expertise in the delivery of vaccines throughout the country. The Ministry had planned additions for health care providers, but those plans did not necessarily synchronize with the PAED project. PAED thus hired and seconded a full-time senior logistician position placed at the Ministry to provide technical support on key operational logistics including routine child health supplies, cold chain management and overall EPI logistics. This individual is a key liaison between stakeholders including WHO, UNICEF and others on matters pertaining to logistics. There remains more systemic expansion of health care workers to enhance actual vaccine delivery, community outreach as well as management of data related to immunisation services.
Concluding Remarks
Whereas PAED at this stage is a resounding success, and the rotavirus vaccine has been rolled-out nationally, it remains to be seen what the overall impact of the project on mortality will be. Indeed, the evaluation surveys are scheduled to take place early in 2015. As of the end of July 2014, a total 187,245 had received one dose and 152,149 children were fully immunised in the pilot area of Lusaka province. It will be important to share the programme impact and cost effectiveness, which will really show how affordable or otherwise the programme has been. Most importantly, it will be critical to review these data in terms of lives saved, which is the important overarching public health goal for such a programme. Greater successes would be scored if this PAED experience can be adopted and used in other countries in the region to accelerate the pace at which new interventions are introduced to reach the needy children.
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